In the stability analysis of Asato and Tyunjun landslides, the average shear strength acting along the slip surface has been calculated utilizing results of laboratory shear tests of the slip surface soils. For the Asato landslide, which is a large-movement along the whole slip surface, it is considered that most of the slip surface zone has been lying at residual state and the remaining parts at fully softened state. Average shear strength parameter, (c′, ′ ), acting along the slip surface has been determined as c′ = 0 kN/m 2 and ′ = 12.3°. Thus, the average shear strength was close to the residual strength, which is reflected in the well-defined slickenside on the slip surface. For the Tyunjun landslide, the slip surface consists of a fractured-mudstone zone in the toe part and slickenside in the upper/middle part. In the stability analysis, it is considered that in the upper/middle part of the slip surface residual strength has been mobilized, while in the toe part peak strength of the fractured-mudstone has been utilized. Thus, the calculated average cohesion for entire slip surface is greater than zero.
INTRODUCTION
Landslides have several contributory causes, and among them, nature of soil is important for a landslide and the shear strength of the soil at the slip surface is directly related to sliding. For effective control works for landslides, what is important in the safety evaluation of landslides is to understand shear strengths of the soil and rock along the slip surface and decide an appropriate average shear strength parameter acting along the slip surface (average cohesion c′, average angle of shearing resistance ′ ). However, in stability analyses with the application of peak, fully softened or residual strengths obtained from laboratory shear tests, the calculated factor of safety tends to be overestimated or underestimated (Skempton, 1964; Skempton, 1985; Mizuno, 1990) . This paper discusses the shear strengths along the slip surfaces of Asato and Tyunjun landslides. In the stability analysis utilizing shear strength, the average shear strength acting along the slip surface is calculated through laboratory shear tests of the soil samples of the two landslides, which are located in the area of Shimajiri-mudstone in Okinawa, Japan.
CONSPECTUS OF LANDSLIDES

Shimajiri mudstone
The Neogene Shimajiri-mudstone is widely distributed in the central and southern areas of the Okinawa Island and along the marine terrace in the North Eastern part of Miyako Island (Kizaki and Takayasu, 1976) and Shimajiri-mudstone formation consists of Tomigusuku, Yonabaru and Shinzato geological strata (Sunagawa and Uehara, 1983) . The Tomigusuku stratum is the alternation of strata with a majority of sand rock and mudstone.
Yonabaru stratum constitutes mostly of Simajiri-mudstone, which is exposed in the ground and Shinzato stratum is similar to Yonabaru stratum and slightly distinguishable by the tuff and sand rock stratum of it. The geological structure of Shimajiri-mudstone is controlled by the uplift, where the strike is in a general NE-SW direction and dips in a NE direction with a slight flexure. The fault system of Shimajiri-mudstone, which was uplifted by Nakagusuku dome are in the directions of NW-SE, NE-SW and E-W. Landslides abruptly occur in those areas controlled by the landform and geological structure of the mudstones (Gibo et al, 1986; Sasaki et al., 1990; Nakamura et al., 2004) .
Asato landslide
The landslide that occurred on June 10, 2006 was of fairly large proportions and the trigger for the slide was due to the rise of soil pore water pressures, which was directly related to the antecedent rainfall of 509 mm (May 12 -June 10) and the 86 mm per day (June 10). At the time of the first-time activation, the slope inclination of the upper part from the main scarp of old landslides is about 23 degrees and in the lower part with the old landslides is approximately 12 degrees. The type of movement of the landslide varied with time (Gibo et al., 2006) . The crown cracks of the landslide head were first noted in the morning of June 10 and the prefectural road 35 on the slope breast was uplifted during the same day afternoon. At 
STABILITY ANALYSIS UTILIZING SHEAR STRENGTHS
Experimental procedures
Soil core samples were taken using a rotary core and were subjected to a triaxial test in an undisturbed condition. The disturbed soils were passed through a 425 µm sieve and subjected to physical and mineralogical analyses. The reconstituted samples of the < 425 µm soil fraction were subjected to a ring shear test in the ring-shear testing apparatus designed by one of the authors (Gibo, 1994) . The shear strengths of undisturbed soil were measured by a saturated-consolidated-undrained compression test with pore water pressure measurements in a triaxial apparatus (CU) (The Japanese geotechnical society, 2000). In the determination of residual strength, the slip surface soil was placed in a reconstituted condition as demonstrated by Bishop et al. (1971) following the concept that the residual strength was unaffected by the initial structure of the soil. The < 425 µm soil samples were packed into a shear box with 100
and 60 mm outer and inner diameters, respectively, then consolidated at different normal stresses. To achieve the full dissipation of excess pore water pressures, the shear rate of 0.01 mm/min was chosen for displacement before the fully softened state was attained and also in the residual stage of shear (Bishop et al., 1971; Gibo, 1979) . The fully softened strength was reached at an early stage of shearing, and large displacements were required for the strength to drop to the residual value.
Asato Landslide
For the Asato sample, the peak strength parameters of cohesion intercept (c f ′ ) and shear angle ( f ′ ) obtained in the CU test were 12.1-52.8 kN/m 2 and 29.9-33.0°, respectively, where the difference of c f ′ is larger than the difference of f ′. The fully softened and residual stages were estimated by Coulomb's law. Cohesion, c, was determined by the method described by Skempton (1964 Skempton ( , 1985 . The parameters of fully softened strength ( sf ) and residual strength ( r ) were estimated to be 27.8° and 10.8°, respectively. Figure 3 shows the cross section and the result of stability analysis at the time of recession of the landslide. The groundwater level was measured as the maximum water level and factor of safety was assumed to be 1.00. The c tan relationship established by the back calculation method is illustrated in Figure 3 . It is reasonable to apply different strength parameters in the stability analysis, based on the conditions of the slip surface, which were investigated through bore samples. In this landslide, which was a large movement along the entire slip surface, slickensided and fully softened clay were found in the middle/upper and toe parts of the slip surface zone, respectively. The residual strength r = 10.8° was mobilized in the middle/upper area and the fully softened strength sf = 27.8° was mobilized in the toe area. The stability analysis was performed using the method in which the residual factor is incorporated (Gibo et al., 1986; Gibo, 1996) . The average shear strength parameter (c′, ′ ) acting along the slip surface and the residual factor R were determined as 0 kN/m 2 , 12.3° and 0.92, respectively.
The 0.92 suggests that most of the slip surface zone is lying at the residual state and the remaining area at the fully softened state. The 12.3° is close to the residual strength of 10.8°, and it is reflected by the well-defined slickenside on the slip surface. As a result, both the residual and fully softened strengths mobilized in the slide could be expressed clearly for the whole slip surface zone, which is represented as line a-a in the cross section shown in Figure 3 . According to the division of the slip surface zone into different shear strengths mobilized along the slip surface, the following results were expected; there is a possibility of effective piling, and, the evaluation of effective of subsurface drainage works become more exact. remaining area at the fractured-mudstone strength. Accordingly, both the residual and peak strengths mobilized at the slide could be expressed clearly for the whole slip surface area, which was represented as line a-a in the cross section shown in Figure 4 .
CONCLUSION
In the stability analysis of Asato and Tyunjun landslide, the average shear strength parameter acting along the slip surface has been calculated using the results of laboratory shear tests of the slip surface soils.
For the Asato landslide, which is a large-movement along the whole slip surface, it is considered that the most of the slip surface area has been at the residual state and the remaining area at the fully softened state. Average shear strength acting along the slip surface has been determined as c′ = 0 kN/m 2 , ′ = 12.3° and as being close to the residual strength, which is reflected in the well-defined slickenside on the slip surface. For the Tyunjun landslide, in the stability analysis, it is considered that in the upper/middle part of the slip surface residual strength has been mobilized, while in the toe part peak strength of the fractured-mudstone has been utilized. Thus, the calculated average cohesion for entire slip surface is greater than zero.
